Abstract
Introduction

25
Comparative genomics of thousands of plants, animals, and fungi has revealed that 26 portions of genomes from many species are derived from interspecific hybridization, indicating 27 that hybridization occurs frequently in nature. However, the influence of processes such as 28 selection, drift, and/or the presence or absence of backcrossing to a parental population on hybrid 29 genome composition in incipient hybrids remains largely unknown. In some cases, hybrids will 30 persist with both parental genomes in fairly equal proportions as new hybrid species or lineages, 31 while in other instances, hybrid genomes will become biased towards one parent sub-genome 32 over time [1] [2] [3] [4] [5] [6] [7] [8] [9] . Untangling the genetic and environmental factors that lead to these outcomes is 33 a burgeoning field.
34
Some hybrid genotypes will be unfit due to genetic hybrid incompatibilities or cytotype 
72
We previously evolved S. cerevisiae x S. uvarum hybrids in the laboratory in several 73 nutrient-limited environments at the preferred growth temperature of S. cerevisiae [60] . We 74 frequently observed a phenomenon known as loss of heterozygosity (LOH) in these evolved 75 hybrids, in which an allele from one species is lost while the other species' allele is maintained.
76
The outcome of such events is the homogenization of the hybrid genome at certain loci, and 77 represents a way in which a hybrid genome may become biased toward one parent's sub-
78
genome. This type of mutation can occur due to gene conversion or break induced repair, and as 79 previously noted, has also been observed in organisms including S. pastorianus, pathogenic 80 hybrid yeast, and hybrid plants, but its role in adaptation has been unclear [47, 61, 62] . We used 81 genetic manipulation and competitive fitness assays to show that a particular set of LOH events 82 was the result of selection on the loss of the S. uvarum allele and amplification of the S. 83 cerevisiae allele at the high affinity phosphate transporter PHO84 in phosphate limited 84 conditions. By empirically demonstrating that LOH can be the product of selection, we 85 illuminated how an underappreciated mutation class can underlie adaptive hybrid phenotypes.
86
This prior study illuminated how the environment (differences in nutrient availability) 87 can bias a hybrid genome towards one parent sub-genome. Due to many examples of genotype 88 by temperature interaction in hybrids across many taxa, and in particular difference in species 89 temperature preference in our hybrids, we speculated that temperature is an important 90 environmental modifier which may influence parental sub-genome representation in hybrids. 
Results
108
Laboratory evolution of hybrids and their parents at cold temperatures
109
To test whether temperature can influence the direction of resolution of hybrid genomes,
110
we evolved 14 independent populations of a S. cerevisiae x S. uvarum hybrid in nutrient-limited 
Loss of S. cerevisiae alleles in cold evolved hybrids
118
We detected large scale copy number variants in our cold evolved populations, including 119 whole and partial chromosome aneuploidy and loss of heterozygosity ( Table 1; Tables S1-S2;   120 Figures S1-S7). Previously, in hybrids evolved at 30°C, we observed more LOH events in which 121 the S. uvarum allele was lost (5/9 LOH events), and found a significant preference for S. showing the opposite trend, and some clones having similar fitness at both temperatures (Table   238 2). It thus appears that temperature specific antagonistic pleiotropy, in which a clone has high 239 fitness at one temperature and low fitness at the other temperature, is relatively rare, with the shifted from its optimal environment, and a difference in the size of the adaptive space available.
267
There was no overlap in genes with variants identified in datasets from 15°C and 30°C.
268
We suspect that the low growth temperature is a selective pressure for both the hybrids 269 and the parental populations, and we did observe mutations in two genes (BNA7 and OTU1) that
270
were previously identified in a study of transcriptional differences of S. cerevisiae in long-term, bearing a TPK2 mutation flocculated within seconds of resuspension by vortexing ( Figure S8 ).
294
Most mutations were heterozygous, but within several lineages, we observed evidence of a LOH 295 event that caused the TPK2 mutation to become homozygous. Clones bearing a homozygous 296 mutation in TPK2 showed a faster flocculation phenotype than their heterozygous counterparts.
297
We similarly observed one lineage with a mutation causing a pre-mature stop and subsequent
298
LOH in SFL1, whose isolated clones displayed a robust flocculation phenotype. We suspect that 299 our previous lack of detection is likely due to the well-established genetic differences in the twice a week and measured for optical density at 600 nm and cell count; microscopy was genome created by concatenating the two genomes.
399
Variant calling was conducted on each population using two separate pipelines. For the 400 first pipeline, we trimmed reads using trimmomatic/0.32 and aligned reads to their respective 401 genomes (S. cerevisiae., S. uvarum, or a concatenated hybrid genome) using the mem algorithm 402 from BWA/0.7.13, and manipulated the resulting files using Samtools/1.7. Duplicates were then 403 removed using picard/2.6.0, and the indels were realigned using GATK/3.7. Variants were then 404 called using Samtools (bcftools/1.5 with the -A and -B arguments), freebayes and lofreq/2.1.2.
405
The variants were then filtered using bcftools/1.5 for quality scores above 10 and read depth 
